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I. INTRODUCTION
We examine the fields exterior to a cylindrical cavity which is penetrated by a wire passing through a circular aperture. An equivalent circuit model for this problem has been previously developed and frequency-domain results for the model parameters, including the current on the wire inside the cavity, were given in [l] . To evaluate the wire current it was first necessary to solve an integral equation for the electric field in the aperture. Two methods were used: a zerothorder approximation (ZO) valid at low frequencies, and a method of moments approximation (MOM) . In an earlier paper [2] , time-domain results for the current on the wire both inside and outside the cavity were presented. In addition, we described an approximate method for evaluating the exterior wire current at an observation point far from the aperture. Since that time, additional work has resulted in an approximate method for evaluating the exterior fields far from the aperture. Although a straightforward analytical extension to the earlier work, this new method represents an important numerical extension in terms of computational efficiency as described herein. We stress that the method of approximation differs from that used in evaluating the current. We begin by employing the ZO approximation to represent the aperture field. The far-field expressions are then derived by using the method of steepest descent. Finally, we use the MOM solution with its rigorous integral evaluation as standard by which to compare the results obtained using this zeroth-order far-field approximation.
ANALYSIS
The specific geometry to be considered is shown in Fig. 1 with reference to a cylindrical coordinate system ( p , @, -). An infinitesimally thin conducting screen of infinite extent is located at 2 = 0. In this screen there is a circular aperture of radius c centered at p = 0. The screen divides the problem into two regions: region 1, consisting of an infinite half space, and region 2, consisting of a cylindrical cavity of radius b and length h centered about the 3 axis. The walls of the cavity and the screen are perfectly conducting. A wire of radius a is aligned with the ; axis. Extending from 2 = --xi in region 1, it passes through the center of the aperture into region 2 where it follows the axis of the cavity and is shorted to the end at z = h. The material properties of both regions 1 and 2 are those of free space with permeability po and permittivity eo. In order to produce a TEM wave incident on the aperture plane we select for our source
where MO is the strength of the source. The incident TEM wave that is produced induces an axial current on the wire.
A. MOM Solution
We begin by describing. the exterior fields obtained using a MOM formulation. An expression for the magnetic field in region 1, presented in an earlier paper [l], is repeated here for reference
(2)
where IO = -i%foTe-'kd/q, 17 = is the intrinsic impedance of free space, and k = w m is the free-space wave number. The time dependence eCWt is assumed. In (2), the first term represents the field resulting from the source in the presence of a shorting plate at z = 0. The second term is the field perturbation due to the presence of the aperture. In what follows, we consider only this second component, which we call HG. We may evaluate H: by employing the MOM approximation for the aperture field. In order to make use of earlier work [3], we will actually obtain the MOM solution for the electric field rather than the magnetic field. From Maxwell's equations we have the following expressions for the electric field components in region 1:
and Qm and R, are the limits of the m t h integration interval in the MOM formulation. Substituting (3) and (4) into the following, we obtain the MOM solution for E," with reference to a spherical coordinate system:
This MOM solution is then compared to an approximate far-field representation of E," which is derived in the next section. 
B. Far-Field
we evaluate the integral in (14) to obtain This is our zeroth-order far-field approximation for H ; . The 0-directed electric field-differs only by a factor of 7. We stress that (15) is not valid near 0 = 0. Indeed, we have shown that close to the wire the field behaves asymptotically as e t k z ln-' IkzJ [2] , [5] .
The use of this simpler expression given in (15) to evaluate the fields far from the aperture offers significant computational savings.
To obtain the solution for the aperture electric field, we found that the majority of computation time is expended in evaluating the related integrals. The use of the ZO approximation in deriving (15) means that only one integral need be evaluated to compute the coefficient C as opposed to the evaluation of N x N integrals required to produce the a, coefficients for the MOM solution. In addition, it should be noted that the MOM solution for large values of p and z is very computationally intensive because of the Sommerfeld-like behavior of the integrand in (2) . Therefore, the approximate method suggested here is highly preferable. We now proceed to test the limitations of the ZO far-field approximation by comparing E$ obtained using (15) to that found using the MOM solution in (7). 
RESULTS
For the numerical example that we present herein, the aperture radius is specified as c = 2a and the cavity dimensions are given by b = 5a and h = 15a. Fig. 3 shows E~( T = 100a, 8 = 45") as a function of ka. We observe excellent agreement between the ZO farfield approximation and the MOM solution. In Fig. 4, IpE; (T, 8 = 45") I is plotted versus r for ka = 0.5. We have normalized by p in order to more clearly display the difference between the two solutions. We observe that above r = 40a the error between the two solutions is only 6.4%. Next we plot IpEz(r = 100a,O) I as a function of 0 for ka = 0.5 as shown in Fig. 5 . Note that the small "bump" appearing in the MOM solution near 6 = 90" is numerically inaccurate. It results from difficulties in evaluating the integrals of (3) and ( 4 ) in the neighbprhood of z = 0 for large p. As expected, near grazing incidence (8 + 0") the far-field approximation breaks down. However, away from grazing, we see that the ZO far-field approximation agrees favorably with the MOM.
In Fig. 6 , we compare the interior current at the back of the cavity ( z = h) to the exterior field at T = lOOa and 6 = 45" (both are evaluated by the ZO approximation). We observe that the same resonance features which appear in the interior current are present in the exterior field. Since the frequency locations of these resonances are related to the dimensions of the cavity, this demonstrates a very important --Q i result, namely that information concerning the interior region may be obtained from exterior measurements far from the aperture.
30-

25-
20-i
. IV. CONCLUSIONS The ZO far-field approximation described in this paper produces field expressions which are much simpler to evaluate than those produced by a MOM formulation. It has been shown that the solution obtained with the approximate method agrees favorably with the MOM solution for an observer located far from the aperture and away from grazing. An important observation resulting from our examination of the fields exterior to the cavity concerns the presence of interior resonance features. It appears that information about the interior of the cavity can be obtained from measurements made at a remote exterior location. This concept might be exploited in diagnostic applications.
